IMPORTANCE Little is known about the effect of pediatric accountable care organizations (ACOs) on the use and costs of health care resources, especially in a Medicaid population. OBJECTIVE To assess the association between the length of consistent primary care (length of attribution) as part of an ACO and the use and cost of health care resources in a pediatric Medicaid population.
A ccountable care organizations (ACOs) grew out of the Affordable Care Act and were designed to improve the quality of health care and control rising health care costs of populations. 1, 2 Many ACOs have served Medicare populations, although ACO-like contracts in the private sector have also been established. 3 Results so far have indicated that Medicare ACOs largely succeeded in controlling costs while providing health care of the same or better quality. [4] [5] [6] Savings estimates for these ACOs and similar payment systems range from 1.2% to 3.8%, with some ACOs experiencing increased costs. [3] [4] [5] 7 The rationale underlying potential cost savings centers on reduced use of expensive inpatient services through more consistent and appropriate outpatient care, such as the medical home. [8] [9] [10] [11] [12] The ACO contracts usually require health care professionals to assume responsibility for all health care costs for a patient population. This contract allows health care professionals flexibility to address their patients' needs and provide case management services that are not typically reimbursed through fee-for-service (FFS) and that could decrease more expensive care, such as inpatient stays. [8] [9] [10] [11] [12] Few researchers have published their ACO experience with Medicaid populations and still fewer with pediatric Medicaid populations. 13, 14 A notable exception has been the exclusively pediatric ACO, Partners for Kids, in Ohio. This ACO achieved lower-cost growth than the traditional pediatric Medicaid programs while generally improving the quality of health care. 15 The application of an adult ACO model to a pediatric population could be problematic because adult care focuses on managing chronic conditions, whereas pediatric care generally focuses on development, and because Medicaid is generally a temporary safety net, whereas Medicare is permanent. 14, 16, 17 The relatively few published reports of experiences with exclusively pediatric ACOs make assessment of the viability and effectiveness of pediatric Medicaid ACOs difficult. Pediatric health care organizations have little information on which to base their decision to participate in an ACO and how the ACO may be best structured to benefit all parties.
In 2013, Children's Hospitals and Clinics of Minnesota (CHC) contracted with the State of Minnesota Department of Human Services (DHS) to develop a pediatric Medicaid ACO to provide health care for approximately 15 000 children in Minnesota. The assumption for effectiveness was that patients who chose to receive their primary care at a CHC facility would have better coordination and consistency of care, resulting in decreased use of high-cost inpatient or outpatient services. This study examined that assumption. The results should provide guidance for other health care organizations considering ACO participation.
Methods

Accountable Care Organization
Children's Hospitals and Clinics of Minnesota is a nonprofit, independent entity that owns and operates 2 hospitals, an outpatient surgery center, and outpatient clinics throughout the Twin Cities metropolitan area. In 2014, approximately 14 000 inpatient, 95 000 emergency department (ED), and 400 000 other outpatient visits were noted. The CHC organization has approximately 60% of the Twin Cities market share for inpatient discharges. About 20% of Minnesota's pediatric Medicaid patients were attributed to CHC's ACO, and 96% of patients attributed to CHC came from the Twin Cities metropolitan area. This research was approved by the institutional review boards of CHC and the Minnesota DHS, who waived the requirement for informed consent.
ACO Contract With the Minnesota DHS
In 2013, CHC entered into an ACO contract with the DHS, termed the Integrated Health Partnership, to be accountable for the health care of about 15 000 pediatric Medicaid patients. Under this contract, attribution to the ACO was defined as (1) being in a CHC health care home or (2) receiving a plurality of primary care at a CHC clinic. Attribution as used in this study was a proxy for receiving consistent primary care at a CHC clinic. Patients were not aware that they were attributed to this ACO and could choose to receive any health care service wherever they liked. Care provided by CHC to Medicaid patients was reimbursed on an FFS basis, as was care received by patients at other facilities. However, CHC was at risk for meeting quality and riskadjusted cost targets for attributed patients regardless of where the patients' health care was obtained. If costs were below the target, CHC shared savings equally with the DHS; if costs exceeded the target, CHC was at risk for 50% of the losses. Individual health care professionals and clinics did not receive any of the shared savings and were not at risk for shared losses. Quality targets included appropriate numbers of well-child visits, being up-to-date with recommended immunizations, appropriate treatment for upper respiratory tract infections, the percentage of patients with well-controlled asthma, and the quality of the patients' experience.
Study Design
This retrospective, observational study assessed the effect of a pediatric Medicaid ACO on the use and cost of health care resources. Our assumption and hypothesis for this study was that longer attribution, which was a proxy for consistent primary care, would be associated with decreased use of inpatient, outpatient, and ancillary services and decreased costs.
Data
The primary outcome measure consisted of the number of inpatient hospitalizations. Secondary outcome measures included the use of ED, other outpatient, and ancillary health care
At a Glance
• The association between the length of consistent primary care in an accountable care organization (attribution) and the use and cost of health care services was assessed. • Continuous attribution to a primary care practice for more than 2 years was associated with a 40.6% decrease in inpatient days. • Attribution for more than 2 years was associated with increases of 23.3% for office visits, 5.8% for emergency department visits, and 15.3% for use of pharmaceuticals. • Overall, being continuously involved with a primary care practice was associated with a 15.7% reduction in cost.
services and total costs. Patients were attributed on a monthly basis by the DHS. Each month that a patient was attributed to the ACO constituted a unit of observation for analysis (patientattributed month). The use and cost metrics for each patientattributed month represented a trailing 12-month measure of annual use and costs of health care services. The DHS provided age, sex, county of residence, a predicted measure of patient use of resources, whether treatment was FFS or capitated through a third-party payer, and whether the patient had health insurance other than Medicaid at any point during their attribution to the ACO. The measure of patient use of resources was computed using the Adjusted Clinical Groups software system developed at Johns Hopkins Bloomberg School of Public Health. 18 We aggregated diagnoses into groups using Clinical Classification Software for International Classification of Diseases, Ninth Revision, Clinical Modification that was produced by the Healthcare Cost and Utilization Project of the Agency for Healthcare Research and Quality. 19 The presence of chronic disease and the number of body systems with a chronic disease were examined using Chronic Condition Indicator software from the Agency for Healthcare Research and Quality. 20
Clinical Care
Patients could obtain care wherever they chose and were not restricted to a CHC facility. Thus, CHC had an incentive to provide health care that met the patients' needs and minimized obtaining care at other facilities where the ACO did not have control. Many patients sought care at other facilities. For example, attributed patients received about 25% of ED care and 30% of inpatient care at non-CHC facilities. We assumed that even care obtained at a non-CHC facility would be coordinated through the primary care clinic. The share of patient care provided by CHC declined with age. For example, excluding the newborn nursery, CHC provided 90% of inpatient days for patients who were 1 year of age compared with 34% for those who were 18 years of age.
Measures of Use of Health Care Resources
Measures of the use of health care resources included the number of inpatient days, office visits with a physician or a nurse practitioner, ED visits, and unique substance-route pharmaceutical counts. These measures are reported as events per patient per year. As supplemental information, we also provided results for the number of inpatient stays, radiology encounters, laboratory encounters, and annual days of supply for all pharmaceuticals (eTable in the Supplement).
Cost Measures
We included 3 annualized cost measures-total costs, costs included in the ACO contract, and capped included costs. Costs were defined as the amount that the DHS paid on a claim. Total cost represented the total of all claims paid by the DHS. Included costs were the subset of paid claims included in the ACO contract. Excluded costs were those the ACO could not reasonably influence (ie, dental services, transportation, personal care services, long-term care, and residential mental health). Capped included cost was the measure used by the DHS when determining whether the ACO was eligible for shared savings; for this measure, the DHS capped each individual patient's annual costs at $200 000. Only 0.3% of patients exceeded this cap.
Statistical Analysis
Use and cost measures were positively skewed, with many patients having zero use for some measures. We used a zeroinflated Poisson distribution regression model to estimate the effect of attribution length on the use and cost of resources. Given the longitudinal nature of the data and that the use and cost metrics for each patient-attributed month were annual values, these measures were highly correlated, particularly for patient attribution in successive months. Therefore, we used clustered bootstrap SEs (patients selected with replacement) obtained from 50 bootstrap samples. The size of these samples was 28 794 patients (approximately 249 000 patientattributed months for the continuous attribution model or ap- proximately 346 000 for the total attribution model). All models were adjusted for sex, age, FFS patients, presence of other health insurance, county of residence, relative use of health care resources by the patient, and the number of body systems with a chronic condition. Because many patients had attribution gaps, we conducted the analysis first on the subset of patients without an attribution gap and second, for patients with and without attribution gaps. As a sensitivity test, we examined cross-sectional data from a single month to eliminate the longitudinal correlation and determine how the results compared with the longitudinal model. We used logistic regression to examine (1) the association between attribution length and the probability of exceeding a catastrophic cost cap, (2) the characteristics of those who stopped attribution, and (3) the characteristics of those who returned to attribution. We used STATA software (version 14.0; StataCorp) for all calculations.
Results
A total of 28 794 unique patients were attributed to CHC for at least 1 month from September 1, 2013, to May 31, 2015, for a total of 346 277 patient-attributed months. The mean (SD) patient age was 7.5 (5.2) years. The mean (SD) length of attribution to the ACO was 12.7 (7.0) months ( Table 1 ). In any given month, approximately 5% of patients left the ACO, 3% returned after previously leaving the ACO, and 3% joined the ACO for the first time. Approximately 50% of patients were still in the ACO after 12 months and 30% after 24 months. The DHS did not provide reasons for patients leaving the ACO, but patient departure could have resulted from a change in Medicaid eligibility or attribution to a different ACO or clinic.
Use of Health Care Resources
Attribution length of 2 years or more was associated with a decrease of 40.6% (95% CI, 19.4%-61.8%) in the number of inpatient days but an increase in the number of physician and/or nurse practitioner visits, ED visits, and use of pharmaceuticals ( Table 2) . Longer attribution was associated with fewer radiology encounters but more laboratory encounters (eTable in the Supplement). The impact of longer attribution was nearly always larger for those with continuous attribution than for those with attribution gaps ( Table 2) . Patients with chronic conditions were less likely to leave the ACO and more likely to return to attribution. For example, patients with 4 or more body systems with a chronic condition had an odds ratio (95% CI) of 0.51 (0.47-0.56) for leaving and 1.93 (1.77-2.11) for returning to attribution compared with those without a chronic condition.
Attribution to the ACO seemed most effective at lowering inpatient use of resources among patients with chronic conditions. The presence of at least 3 body systems with a chronic condition was associated with a greater decrease in inpatient use of resources compared with the presence of 0 to 2 chronic conditions ( Table 3) . After 2 years of attribution, the number of inpatient days decreased 20.1% (95% CI%, 0.7%-40.8%) for patients with 0 to 2 body systems with a chronic condition but decreased 31.3% (95% CI, 6.3%-68.9%) for those with 3 body systems with a chronic condition. For patients with 0 to 2 body systems with a chronic condition, the number of ED visits increased by 11.7% (95% CI, 5.4%-18.1%) after 2 years of attribution compared with no significant change for patients with at least 3 body systems with a chronic condition (Table 3 ).
Cost
Increased attribution length was associated with decreased costs. These cost reductions were largest 13 to 18 months after attribution and diminished with longer attribution ( Figure 1A) . Examination of included cost by the number of body systems with a chronic condition found no significant change for patients with 0 to 2 body systems with a chronic condition ( Figure 1B ) but a decrease of 32.5% (95% CI, 15.1%-49.8%) for those with 3 body systems with a chronic condition. Cost reductions were larger for included costs than for capped included costs ( Figure 1A) . The DHS appeared to reap a larger benefit from continued attribution in the ACO than did CHC ( Figure 1A ). In addition, longer attribution was associated with a 33.0% (95% CI, 16.1%-49.9%) reduction in the probability of a patient having costs in excess of $100 000. Because only 0.3% of patients exceed the annual catastrophic cap of $200 000 for this ACO, we estimated the effect of attribution length on the probability of costs exceeding $100 000 (0.7% of patients) to improve statistical power (Figure 2) . The benefit of cost reduction above the cap flowed completely to the DHS until costs fell below the threshold because the DHS bore the risk above the threshold.
As sensitivity tests, we first estimated the results for inpatient days using cross-sectional data from a single month to eliminate the longitudinal correlation. The result from this model was a reduction of 30.6% (95% CI, 22.4%-38.9%) in inpatient days. This result is consistent with the reduction from the longitudinal model (40.6%; 95% CI, 19.4%-61.8%). As a second sensitivity test, we estimated the longitudinal model using only patients 15 months or older to determine whether the cost results were driven by the cost of the newborn nursery. For this sample, the reduction in included costs was 19.6% (95% CI, 3.9%-35.3%), which is consistent with the reduction of 19.0% (95% CI, 7.2%-30.9%) from the full sample.
Discussion
Our study found that longer attribution to the CHC ACO (consistent primary care) was associated with decreased use of inpatient resources and decreased annual costs ( Table 2 and Figure 1A ). However, we found an increase in the number of ED and outpatient clinic visits and use of pharmaceuticals. Attribution to the ACO seemed most effective at reducing the use of resources by patients with chronic conditions (Table 3 and Figure 1B) . Decreases in the use of resources and increases in cost savings mostly occurred in the first 13 to 18 months of attribution to the ACO. This finding suggests that pediatric Medicaid ACOs may be substituting less expensive outpatient care for more expensive inpatient care and exerting their greatest effect in the first year of a patient's attribution. The ACO seemed most effective at reducing costs and the use of resources incurred by patients with multiple chronic conditions ( Figure 1B) . Our findings were consistent with those of other studies showing that decreases in inpatient care accounted for most of the cost reductions. 5, 9 The ACO, through consistent primary care, may have substituted more expensive inpatient care with less expensive outpatient care through better primary care and care management. As an alternative, the increased use of outpatient resources may be explained by patients' having easier access to care that had previously been relatively inaccessible.
Although 2 years of attribution to the ACO were associated with a 15.7% (95% CI, 6.6%-24.8%) cost reduction, the total ACO population had a 9.8% (95% CI, 3.9%-15.8%) cost reduction because only 30% of the ACO population remained attributed for 2 years. However, a 9.8% reduction would be substantial at the population level if applied to most pediatric Medicaid patients. Policies that would increase the length of attribution to the ACO might increase cost savings but might also be challenging to implement because these patients often have social determinants that influence when and where they seek care.
When the number of ACO patients reaches a critical mass, ACO practice patterns may have beneficial spillover effects for other patient groups. 5 Casalino 21(p1751) argued that until this occurs, "hospitals and physicians will be in the difficult position of dealing with diametrically opposed sets of payment incentives" because they are not reimbursed for using non-ACO health care professionals to identify patients and manage their chronic conditions through means other than the traditional visit with a health care professional. 22, 23 To unlock the benefits of ACOs, payers must shift away from FFS reimbursement; however, a crucial balance must be struck between providing incentives to invest in the personnel and infrastructure to succeed as an ACO but not shift so quickly that participation is discouraged. 24 At the same time, shifting too slowly may result in more health care professionals and organizations declining to participate in ACOs. 22 Our study has some limitations. Our results are based on a single ACO in 1 geographic area. However, CHC is the only exclusively pediatric ACO in Minnesota, and lessons learned here may be applicable to other pediatric ACOs. Demographic data were limited to age and sex, as provided by the DHS. To the degree that patients who are minorities or for whom English is not their primary language were included in the ACO, social determinants were an unobserved variable in our analysis. To the extent that these factors were associated with attribution patterns, they may have influenced the results. In other words, if patients in the most difficult social or family circumstances were also the ones who were more likely to leave attribution, efforts to keep them attributed consistently would not necessarily improve their patterns of use and cost of health care resources. Finally, patients may enroll in Medicaid when they have a health crisis; hence, using 1 to 6 months of attribution as the reference period may overstate Months of continuous attribution included all months from when patients were initially attributed until the first gap in attribution. Because patients with 3 or more body systems with a chronic condition almost surely have nonzero costs, we used a standard Poisson distribution regression model rather than a zero-inflated model for estimating the effect of chronicity on annual cost. Error bars indicate 95% CI. One to 6 months of attribution indicates the reference category.
Figure 2. Effect of Attribution Length on Annual Cost
Exceeding $100 000 Months of continuous attribution included all months from when the patients were initially attributed until the first gap in attribution. Error bars indicate 95% CI. One to 6 months of attribution indicates the reference category.
